SUMMARY
was chosen as the analgesic for comparison because of its high therapeutic ratio and short elimination half-life which has been determined by various authors 5 . 8 to be in the range of 92 to 98 minutes.
PATIENTS AND METHODS Asian and European patients between the ages of 18 and 65 years (ASA I and 11) who were undergoing general surgical procedures expected to last forty minutes or more were studied, The study was approved by the local ethical committee and the Army Medical Research Executive, All the patients gave informed consent. Patients on drug therapy and pregnant patients were excluded from the study.
Diazepam 0.2 mg/kg orally was given two hours before surgery as premedication. Atropine 0.6 mg was given intravenously Anaesthesia and imensirc Care. J'o!' 16 . ,,\'0. 4 . . " :orember. 1988 prior to induction with thiopentone 4 mg/kg and alcuronium 0.25 mg/kg for intubation and maintenance. Immediately following the alcuronium, an infusion of alfentanil as a supplement was started at 5 ~g/kg/min for ten minutes and then reduced to 0.5 ~g/kg/min using a syringe pump (Vickers Medical; Treonic IP3). Patients were ventilated with nitrous oxide 70% and oxygen 30% using a Bain's coaxial breathing attachment (Penlon) with a fresh gas flow of 70 mllkg to maintain normocapllla.
ECG electrodes were applied before induction and the electrocardiogram was monitored continuously. An automatic blood pressure recorder (Critikon; Dinamap 845 XT) was used to monitor the patients' blood pressure and heart rate every five minutes.
During anaesthesia, increments of alfentanil in a loading dose of 5 ~g/kg/min for five minutes were given if the analgesia was clinically judged to be inadequate as assessed by: 1. A rise of systolic blood pressure 20 mmHg above the patients' basal blood pressure (as measured on the ward); or 2. An increase in heart rate of 20 beats per minute above the basal rate, in the absence of hypovolaemia; or 3. Signs of sweating and lacrimation.
Alcuronium increments were also given on clinical signs of inadequate neuromuscular blockade (swallowing, breathing). The alfentanil infusion was discontinued five minutes before the anticipated completion of surgery and, at the end of surgery, the neuromuscular blockade was antagonised with neostigmine 2.5 mg and atropine 1.2 mg. Spontaneous ventilation was established using a Magill's system and 100% oxygen. Patients were extubated when their breathing was judged clinically to be adequate and they were awake. The time intervals from the end of anaesthesia (antagonism of residual neuromuscular blockade and discontinuing nitrous oxide) to the following events were recorded: 1. Onset of spontaneous ventilation; 2. The time that the patient was able to stick out his/her tongue on command; 3. The time that the patient was sufficiently awake to give his/her name correctly on questioning. The data were analysed by division into race and sex. This gave four groups: (a) Asian male, (b) Asian female, (c) European male and (d) European female. Analgesic requirements of these four groups were analysed statistically using the analysis of variance or the Wilcoxon two sample test, as appropriate.
Alfentanil pharmacokinetics was studied on fourteen of the above patients (five Europeans, four Chinese and four Nepalese).
Venous blood samples (4 ml each) were drawn from an indwelling catheter, sited in a vein on the opposite arm to the alfentanil infusion at the following times/events: (a) A few minutes before anaesthesia; (b) Ten minutes before the anticipated completion of surgery; (c) Termination of infusion; (d) 30, 60, 90, 120, 150, 180, 210 minutes after termination of infusion; (e) At the time of establishment of adequate spontaneous respiration. Plasma was separated from the blood samples by centrifugation and stored at -20 D C until assay. Alfentanil concentrations were determined in duplicate by gas/liquid chromatography with nitrogen-sensitive detection after preliminary ethereal extraction of alfentanil and fentanyl. Fentanyl was used as an internal standard. 9 The recovery of alfentanil from plasma samples at 125 ng/ml concentration ranged from 84 to 92% (mean 88.8%) with a coefficient of variation of 2.7%. Calibration graphs showed a linear relationship between the peak height ratios (alfentanil to the internal standard) to the corresponding alfentanil concentrations in plasma samples over the range of 5-500 ng/ml and coefficients of variation ranging from 1.82 to 5.68%.
The plasma concentration-time curve data for alfentanil were analysed by using standard formulae. ID The elimination half-life (t'l2) was determined by linear regression analysis. The trapezoidal rule was used to calculate the area under the plasma concentration-time curve (AUC6) from time zero to t. The area from time zero to infinity (AUC;;') was obtained according to equation (1). AUC;;'=AUC6+9 ... females in the Asian group of patients and more females than males in the European group. Their ages were comparable. The European were significantly heavier than the Asian patients and males were significantly heavier then females as determined by twoway analysis of variance with interactions (Table 1) . The surgical procedures performed are shown in Table 2 . The mean duration of surgery and infusion of alfentanil among the four groups of patients are shown in Table 3 . The differences were not significant using two-way analysis of variance.
Seven males and four females out of the Asian group (30.5%) and five males and seven females out of the European group (27.9%) required increments during the procedure. These were neither related to the type nor the duration of surgery. The total dosages of alfentanil required, expressed in /-lglkg/min, were remarkably similar in all four groups of patients and the standard deviations were relatively small (Table 3) . Two-way analysis of variance showed no significant difference between the groups. The mean time intervals from the end of the alfentanil infusion to the end of surgery were 7.4 (SD 4.7) minutes, 5.5 (SD 4.2) minutes, 4.3 (SD 4.2) minutes and 6.4 (SD 4.0) minutes respectively for Asian male, Asian female, European male and European female patients.
Spontaneous respiration restarted quickly after residual neuromuscular blockade was antagonised and nitrous oxide was discontinued (range 0-17 minutes). Figure 1 shows the time taken to establish spontaneous ventilation in each patient. All patients except four were breathing spontaneously in less than six minutes after reversal. However, two The data distribution as shown in Figures 1, 2 and 3 are skewed. The median time intervals and interquartile ranges from the end of anaesthesia to (a) the onset of spontaneous respiration, (b) the time that the patients were able to stick out their tongue on command and (c) the time that the patients were awake enough to give their names correctly are shown in Table 4 . The three variables in the group of Asian female patients are significantly longer than those of their European counterparts; although when comparing the male groups, the differences are not statistically significant (Wilcoxon two • 3 ) indicating a slower recovery using these two assessment criteria. Plasma concentrations of alfentanil during and after surgery in all the patients studied are shown in Figure 4 . There is a wide range of overlap in plasma concentrations. The mean elimination half-life (t'12), plasma clearance (Clp) and apparent volume of distribution of alfentanil in the three ethnic groups are shown in Table 5 . The elimination half-life of the Chinese group and the Nepalese group are TIME ,,,,,h. 1
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Clinical requirements of a/fentanil
Stoicism in Asians of Mongolian origin is generally believed to result in a decreased requirement of analgesics compared with Europeans. In this study, we have compared the analgesic requirement of these two ethnic groups during general surgery, because higher cortical control is thought to be removed during general anaesthesia and so the effect of analgesics can be studied free from any influence of stoicism. Alfentanil is ideal pharmacokinetically for continuous infusion as a supplement to general anaesthesia 6 ,10,12.13 as the rate of infusion can be varied according to each patient's responses while still enabling prompt recovery of consciousness and rapid return of spontaneous ventilation at the end of the operation.
Schiittler et al. 14 have developed a two-step bolus, elimination transfer infusion technique (BET) for the administration of alfentanil.
Anaesthesia and lnlensi~'e Care. Vol. 16 . No. 4, November. 1988 This involves an initial rap~d infusion of 1.5 mg/min over ten minutes to provide the initial bolus necessary to compensate for the initial volume of distribution. This is followed by a maintenance infusion of 0.15 mg/min (one tenth of the initial dose) to replace the drug lost by elimination and transfer of the drug into the peripheral compartment. The BET infusion technique was designed to initiate and maintain alfentanil levels at approximately 0.45 J.lg/ml of plasma. IS This level is within the therapeutic narcotic plasma concentration (200-500 ng/ml) for adequate analgesia during anaesthesia with nitrous oxide. 16 We used a low infusion rate (5 J.lg/kg/min and 0.5 J.lg/kg/min) as we were trying to determine the least amount of alfentanil needed to suppress responses during surgical stimulation during anaesthesia (nitrous oxide 70% in oxygen and muscle relaxant technique) in the two racial groups.
We studied 36 Asian patients (20 Chinese and 16 Nepalese) and 43 European patients. The Nepalese patients were classed together with the Chinese because of their Mongoloid origin and our experience suggested that they had a similar degree of stoicism. Clark and Clark in 1980 17 reported that the Nepalese had a much higher pain threshold than occidentals. There were more males than females in the Asian group and this distribution was reversed in the European patients, reflecting the distribution of patients in the British Military Hospital in Hong Kong where this study was carried out. The data were then analysed by dividing the patients into four groups: (a) Asian male, (b) Asian female, (c) European male and (d) European female. Their ages were comparable. Statistically, the European patients in general were significantly heavier than the Asian patients. However, the relevance of this may be reduced because the alfentanil requirements were expressed in terms of )lg/ kg/min of infusion time during the surgical procedure. A wide range of general surgical, orthopaedic and gynaecological procedures were performed (Table 2 ). There were no statistically significant differences in the duration of either surgery or the infusions. It is interesting to note that the total dosage of alfentanil required, expressed in )lg/kg/min of infusion, was similar in the four groups of patients and the standard deviations were remarkably small, despite the fact that the patients were of distinctly different build and some appeared to have more body fat than others.
It has been suggested that the rapid recovery of consciousness and the return of spontaneous ventilation after alfentanil anaesthesia is related to the rapid dissociation of the compound from the central nervous system opioid receptors l8 facilitated by elimination mechanisms after a continuous infusion.
The recovery of spontaneous ventilation was generally rapid following the antagonism of neuromuscular blockade and stopping nitrous oxide. All the patients, except for four, were able to breathe adequately within six minutes after reversal (Figure 2) .
The Wilcoxon two-sample test shows that the Asian females are slower in establishing adequate ventilation. However, the median time interval and interquartile range (degree of variation 25% to 75%) of 3.5 (2.75) minutes compares well with other reports. ID One male and one female in the Asian groups failed to sustain their respiratory effort and required naloxone in the recovery ward. We could not find any causal factors other than noting that both were Asian.
Recovery, as judged by the ability of patients to obey commands and to give their names correctly, was also slower in the Asian patients compared with the European patients. Only 80% of the Asians followed instructions whereas all the Europeans responded. This difference is significant both statistically and clinically.
It is possible that the use of diazepam as a premedication could lead to the inter-ethnic differences in recovery. Kumana et al., 19 in their comparison of diazepam pharmacokinetics in Chinese and Caucasians, showed that the mean apparent volume of distribution (vd) and the volume to ideal body weight ratio were smaller in the Chinese and had the best correlations with the skin fold thickness and total body weight to ideal body weight ratio. They suggested that body fat and stature may account for these inter-ethnic differences in the apparent volume of distribution. It is interesting to note that the body diazepam clearance between the two ethnic groups were similar and hence a shorter elimination half-life was observed in their study. However, Ghoneim et al. 20 showed that although there was a racial difference in the kinetic data in the diazepam disposition, the mental and subjective effects of diazepam were the same in both races. This was observed following a single dose of 0.2 mg/kg diazepam intravenously, but clearly observations may be different with repeated doses.
Relationship of plasma concentration and effects
The plasma concentrations of alfentanil were comparable among the three ethnic groups of patients (ranging from about 100 to 300 ng/ml) during the period of intravenous infusion towards the end of surgery (Figure 4 ). These observed values are similar to those published (within the range of200-250 ng/ml) which gave good surgical conditions. 21 Plasma concentrations determined at the time of recovery of spontaneous ventilation for the three groups of patients were not significantly different. These values (all below 200 ng/ml) also are in agreement with reported data. '6 There is no ethnic difference in this parameter. However, one male and one female Asian patient, neither of whom were included in the pharmacokinetic study, required naloxone in the recovery ward, because they failed to sustain respiratory effort.
The elimination half-life (t,;,) of 90. The Asian patients (both Chinese and Nepalese) had a shorter elimination halflife as determined by linear regression analysis, while the European patients had a larger apparent volume of distribution and a lower plasma clearance. The difference between the elimination half-life was statistically significant, although the differences observed for the apparent volume of distribution and the plasma clearance did not reach a significant level. This may be due to the small number of subjects studied in the pharmacokinetic study. The elimination halflife of a drug is directly proportional to the volume of distribution and inversely proportional to clearance. The shorter elimination half-life observed in the Asian patients may be secondary to the combined effect of their relatively smaller volume of distribution and higher plasma clearance.
We reported, recently, that there was no significant difference in the elimination halflife (t'/2) and plasma concentrations of pethidine among caucasian, Chinese and Indian healthy volunteers after low-dose intravenous pethidine,22 but significant differences in metabolism of pethidine were observed. The orientals were better demethylators of pethidine whereas the caucasians predominately hydrolysed pethidine. Alfentanil is metabolised primarily by oxidative O-demethylation and N-dealkylation. 23 It is possible that there is a variation in the rate and pattern of metabolism of alfentanil between the Asian and European patients. McDonnell et al., in their study of alfentanil pharmacokinetics in seven healthy adults, observed one with a markedly reduced clearance of alfentanil. 24 On further investigation, they also demonstrated that the subject had phenacetin hypometabolism 25 and they suggested that alfentanil oxidation exhibits the debrisoquine type of genetic polymorphism. Unfortunately we were unable to review the pharmacokinetic parameters in our two Asian patients who had shown a delay in their recovery as they were not included in our pharmacokinetic study.
Anaesthesia and Intensive Care. Vol. 16 . No. 4. November. 1988 More research is required on this interesting area of drug metabolism.
In conclusion, this study shows that an alfentanil infusion used as a supplement to general anaesthesia with nitrous oxide, oxygen and neuromuscular blocking agents appears to be satisfactory both in European and Asian patients. The requirements of alfentanil as an analgesic supplement during general anaesthesia are similar in both racial groups of patients. However, the recovery is slower in the Asian patients and further investigation is needed to establish the reasons for this observation.
